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of production are too great to ignore. The research program
described in this paper will provide some of the answers when
agencies establish field operational programs.
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Comparison of Artificial Substrates
in Bottom Fauna Studies on a Large River
DAVID R. McCONVILLE*
ABSTRACT - During the summer of 1974, five types of artificial substrates and grab sampling were
evaluated for sampling efficiency in pool No. 3 of the Upper Mississippi River. A total of 35 taxa of
organisms were collected by the different techniques. Ponar grab sampling collected representatives
of only eight taxa, whereas concrete block samplers collected 22 taxa . Intermediate in taxonomic
collection were the Hester-Dendy samplers with 21 taxa, the barbecue basket samplers with 20 taxa,
the Miller samplers with 17 taxa, and conservation webbing with 12 taxa. The barbecue basket
samplers were the most productive, yielding at least five times as many organisms as any other
sampling method. Combinations of artificial substrates which complement each other are suggested
to maximize collection results.

Obtaining valid quantitative data on benthic organisms,
particularly from the lotic environment, has been a problem
of concern for many years .
Bottom samplers fall in lo two main categories: those
which sample the natural substrate of the river, and those
which provide an artificial substrate which the bottom invertebrates may colonize. Traditional sampling methods
include the Ekman, Petersen, and Ponar grabs, dredges,
corers, and semi-open samplers of known area. The difficulty
in stream studies is that these methods are non-operative on
a rubble-boulder substrate or in deep, swift water, conditions
characterisitic of many large rivers. Thus , artificial substrates
are becoming more popular in lotic environments where it
is difficult or impossible to use the traditional methods
(Hynes, 1970).
This study was conducted to examine the effectiveness of
various macroinvertebrate sampling methods in a large river.
The techniques were divided into two groups. The first
included Ponar grab sampling, concrete blocks (Britt, 1955),
and Miller samplers (Hoar and Miller, 1972), all of which
were designed to be placed on the bottom of the river en-
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vironment. The second group was designed to be placed in
the water column and included Hester-Dendy samplers
(Hester and Dendy, 1962), barbecue baskets (Mason, et al,
1970), and conservation webbing manufactured by Minnesota
Mining and Manufacturing (3M).
Sampling at two locations
The study area was approximately one mile upstream
from Lock and Dam No. 3 on the Mississippi River near
Red Wing, Minnesota, in the discharge area of a large nuclear
power plant. One sampling location was approximately 30
meters directly outside the power plant discharge canal. The
second sampling location was approximately 450 meters
downstream from the first in a side channel chute of the
river. Water depth at both sampling locations was in excess
of three (3) meters . The first location was generally a calm
water area due to a sheltering effect from the power plant
discharge canal. The second location was typicalfy subjected
to swift current of the natural river flow (Fig. I).
At both locations four (4) styrofoam buoys were separately anchored with :;oncrete blocks. Two buoys each
suspended two Hester-Dendy samplers, one Miller sampler,
and one section of conservation webbing. The other two
buoys each marked the presence of one barbecue basket
sampler and one concrete block sampler. Grab samples also
were taken at both locations during each of the two sam piing
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TABLE 1. Upper Mississippi River Mac:roinvertebrate Fauna as Collected by Six Sampling Techniques in 1974.

TAXA

Ponar
Grab"

Phylum Arthropoda
Class lnsecta
Order Trichoptera
Family Hydropsychidae
Cheumatopsyche sp.
& Hydropsrche sp.
Family Leptoceridae
Leptocera sp.
Family Psychomyiidae
Neureclipsis sp.
Polycentropus sp.
Order Ephemeroptera
Family Baetidae

Conser•
Ber•
Hester· vation becue
Dendy Webbing Basket

Family Tipulidae
Family Ceratopogonidae
Atrichopogon sp.
Order Plecoptera
Family Perlodidae
Pteronarcys sp.
A/loper/asp.
Order Odonata
Family Libellulidae
Neurocordulia sp .

TAXA

Ponar

Conser- Bar•
Hester- vation becue

Grab•

Dendy Webbing Bmket

Class Arochnoidea
Order Hydracarina

147.94 299 .00 759.00 150.63

9.38
14.56

Baetissp.
Pseudocleon sp.
lsonrchia sp.
Family Caenidae
Caenis sp.
Family Ephemerida
Hexagenia sp.
Family Heptageniidae
Heptagenia sp.
Stenonema sp.
Family Tricorythidae
Tricorrthodes sp.
Order Coleoptera
Family Elmidae
Family Hydraenidae
Order Diptera
Family Simuliidae
Family Chironomidae

Con·
Miller
crete
Block Sampler

4 .00

2.00

30.00
15.00

76.00
4 .40

31.25
14.63

2.00

44.00
52.20

.06
.06

4.44

13 .00

53.60

.25

19.25

38.50

21.88
23.00

.13
.13
1.38

1.25
8 .00
14 .69

10.00

74.40

.13
2.38

.50
.63

.81

1.00

9 .20

1.13

.50

.25

.38

4.00

Phylum Mollusca
Class Gastropoda
Class Pelecypoda

2.25
1.00

22 .25
2.88

20 .50

.63

Class Hirudinea

22 .00

2 .00
404 .20

1.38
3 .50

4 .63
.13

1.00

.50
.50

1.00
18 .69

2.00

.31
1.00
209 .76 275.00
.25

.25
.13
8.08

.25
.38
352.25 219 .50

.20

Phylum Platyhelminthes
Class Turbellaria
Order Tricladida

.60

4.00

4.19

4 .20

34 .88

58.63

Phylum Bryozoa
Class Phylactolaemata
Order Plumatellina
Family Plumatellidae
Hyalinella sp .
Family Cophopodidae
Pectinate//a sp.

1.00
Phylum Nematoda

4 .00

1.88

Phylum Hydrozoa

.06

2.00

.50

.13
TOTALTAXA

Average Number/
Sampler

periods. The first set of samples was collected on June 21,
1974, and the second set on July 20, 1974. The specimens
were removed from the artificial substrates in the field with
the aid of an acid/alcohol so,l ution described by Britt ( 1955) .
The artificial substrate samples and the grab samples were
labeled and preserved in bottles filled with a 10 percent
formalin solution for later laboratory analysis.

Benthic fauna composition
A total of 35 taxa of organisms was collected by the
different sampling techniques during the June-July study
period (Table 1).
Taxa common to all artificial substrate sampling methods
include caddisflies (Hydropsyche and Cheumatopsyche,
Neureclipsis, and Polycentropis), mayflies (Caenis and Stenonema), dipterans (Families Chironomidae and Simuliidae),
tubificid worms (Family Tubificidae), and the freshwater
amphipod (Gammarus) . Other taxa which are collected in
relatively large numbers by one or more of the artificial substrate sampling techniques included mayflies (Baetis and

21

8

47 .33

"Number of organisms per dm 3

22

Miller
Block Sampler

4 .00

Class Crustacea
Order Amphipoda
Family Gammaridae
Gammarus sp.
Order lsopoda
Family Asellidae
Asel/us sp.
Order Decapoda
Family Astacidae
Cambarus sp.

Phylum Annelida
Class Oligochaeta
Order Plesiopora
Family Tubificidae
Family Naididae

Con·
cret:e

12

438.11 671

20

22

17

3648.80 618.92 372.55

• •Qualitative Identification only

Pseudocleon), freshwater oligochaetes (Family Naididae) , and
planarians (Order Tricladida). The major groups collected by
Ponar grab sampling were chironomids and tubificid worms .

Sampler efficacy
Sampling methods are difficult to evaluate as they all
provide different size surface areas for invertebrate colonization and generally collect varying population sizes. However,
in most ecological studies utilizing artificial substrates,
species diversity is important. In this study , grab sampling
produced representatives of only eight (8) taxa , whereas
the concrete block sampler collected 22 taxa. Intermediate
in taxonomic collection were the Hester-Dendy samplers
with 21 taxa, the barbecue basket samplers with 20 taxa,
the Miller samplers with 17 taxa, and conservation webbing
with 12 taxa . The barbecue basket samplers were the most
productive , yielding at least five times as many organisms as
any other sampling method. Except for grab sampling , the
smallest number of organisms per sampler was recorded with
the Miller sampler (Table 2) .
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FIGURE 1. Map Showing the Two Sampling Locations
in Pool 3 of the Upper Mississippi River.

The most abundant group of organisms on all artificial
substrates , except the conservation webbing, was the Order
Diptera . The most abundant group on the conservation
webbing was the caddisflies , representing 51 percent of the
organisms collected. On all artifcial substrates except the
conservation webbing , the caddisflies were the second most
abundant. Dipterans were the second most abundant group
on the conservation webbing . The third major group in
abundance on all artificial substrates except the Mitler samplers was the mayflies. Oligochaetes were collected in low
numbers by all artificial substrates . Interestingly, planarians
were collected in significant numbers on the artificial substrates placed on the river bottom ( concrete block and
Miller sampler) but were absent or occurred in very low
numbers on the artificial substrates suspended in the water
column (Table 3) . The hydropsychids and members of the
Family Psychomyiidae were the most abundant caddisflies
collected on all artificial substrates . The major groups of
mayflies collected on the Hester-Dendy samplers, conservation webbing and concrete block samplers were Caenis and
Stenonema . In addition to Caenis and Stenonema, Baetis and
Pseudocleon also occurred in good numbers in the barbecue
basket samplers. Genera!ly, mayflies occurred in very low
numbers in the samplers obtained by the Miller samplers . The
major com pone t of the dipterans collected on all the test
substrates was the chironomids. Only on the barbecue basket
samples did the simuliids occur in significant numbers.
The only major groups of organisms collected in significant
numbers by the grab sampling was the dipterans, mainly
represented by the midges , representing 41 .6 percent of the
sample and oligochaetes (mainly tubificid worms) representing 53.I percent of the sample . Overall , the number of
organisms produced by grab sampling was far below that
yielded by the artificial substrates.

The Hester-Dendy sampler performed adequately in this
study. It collected 2 I of the 35 taxa collected by the entire
study and collected an average of 438.32 organisms per
sampler during the study. The Hester-Dendy samplers were
easy to process in the field and appeared to have good durability. The major difficulty revealed in this study was setting
and maintaining the sampler in a moderate to high current.
The conservation webbing collected only 12 of the 35
taxa generated during the study. However, it averaged 671
organisms per 929 cm 2 . Overall, conservation webbing
appeared to be an excellent substrate for the collection of
organisms. A major difficulty with this sampling method
was in the retrieval of collected organisms. The results may
have bias in both taxa and numbers collected because of the
inability to remove collected organisms from the test substrate . Additional problems resulted in attempting to anchor
the substrate in a river current.
Barbecue basket samplers performed well in this study ,
collecting representatives of 20 taxa. The sampler was extremely effective due to the large amount of surface area of
the test substrate enclosed in the basket and collected an
average of 3,663 organisms per sampler during the study
period . Additionally, wood and rock were included in the
sampler and provided both substrates which occur naturally
in a river environment. The number of organisms collected
by th.is study would also be adequate for population dynamic
studies. Finally, the sampler anchored easily in the river
current. The major difficulty during this study was the time
required to process the samplers in the field and remove the
captured organisms.
Concrete block samplers collected more taxa (22) of
organisms than any other artificial substrate type and
averaged 663 .92 organisms per block . The sampler was
heavy , anchored easily on the river bottom, and appeared to
approximate the typical rubble environment. Interestin~ly ,
this sampler collected significant numbers of plananans
which were notably absent or occurred in very low numbers
on the artificial substrate samplers. Finally, the block samplers were relatively easy to clean in the field .
Miller samplers collected representatives of 17 taxa and
averaged 373. 18 organisms per test substrate. The Miller
substrate also was placed on the river bottom, contained
both wood and block substrate, and also collected significant
numbers of planarians. Major difficulties were the problems
of anchoring this sampler in a river current and its apparent
inability to collect mayflies.
TABLE 2. Total Taxa and Mean Number of Organisms
per Sample for Six Sampling Methods.

Sampler Type

Ponar Grab
Concrete Block

Sampler evaluation

Artificial substrates provide a good means of collecting
organisms associated with a gravel and rubble bottom but
are ineffective in collecting organisms associated with a muck
bottom. Grab sampling is ineffective in collecting rubbleboulder associated organisms . Overall, it appears extreme'ly
difficult to correlate results obtained by use of artificial
substrates with results obtained with the Ponar grab.
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Totaf
Taxa

8
22

Average
Number/
Sampler

50.14"
663.92

Hester-Dendy

21

438.30

Barbecue Basket

20

3663.00

Miller Sampler

17

373.18

Conservation Webbing

12

671.00

*Number of organisms per dm 3
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This study indicates that the Hester-Dendy sampler, barbecue basket sampler, and concrete block sampler performed
well in the Mississippi River environment near Red Wing,
Minnesota. Any one of the sampling techniques would be an
adequate test substrate in this area. Overall, it would appear
that the barbecue basket would be the best substrate, as it
produced large numbers of organisms. Little sampling efficacy
would be lost in employing either of the other test substrates.
The best macroinvertebrate study program would employ
a combination of artificial substrates that complement each
other to the maximum extent and increase the number of
taxa collected. This study indicated that the best combinations might include the use of Hester-Dendy samplers with
barbecue basket samplers or the use of barbecue basket
samplers with concrete block samplers. Together both of
these combinations collected 28 of the 35 taxa collected
during the study. The Hester-Dendy samplers with the
concrete block samplers also would be adequate, as this
combination collected 27 different taxa. The use of the
barbecue basket samplers or Hester-Dendy samplers together
with the concrete block samplers may possibly be the best

combination, as this method utilizes one sampling method
suspended in the water column and one on the bottom of
the river.
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TABLE J. Gross Taxa, Percentage Composition,and Mean Number of Organisms per Sample for Six Sampling Techniques.

Sampler Type
GRAB
Phylum Arthropoda
Order Trichoptera
Order Ephemeroptera
Order Diptera
Phylum Annelida
Order Plesiopora
Phylum Platyhe lminthes
Order Tricladida
TOTAL
HESTER-DENDY
Phylum Arthropoda
Order Trichoptera
Order Ephemeroptera
Order Diptera
Phylum Annelida
Order Plesiopora
Phylum Platyhelminthes
Order Tricladida
TOTAL
CONSERVATION WEBBING
Phylum Anthropoda
Order Trichoptera
Order Ephemeroptera
Order Diptera
Phylum Annelida
Order Plesiopora
Phylum Platyhelminthes
Order Tricladida
TOTAL

Percentage

Average
Number/
Sampler

0.00

BARBECUE BASKET
Phylum Arthropoda
Order Trichoptera
Order Ephemeroptera
Order Diptera
Phylum Annelida
Order Plesiopora
Phylum Platyhelminthes
Order Tricl.adida

44.82*

TOTAL

0.0
0.0
41.6

0.00
0.00
19.69*

53.1

25.13*

0.0
94.7

Sampler Type

39.3
6 .3
48.0

171.88
27.75
210.32

4.7

20.50

0.1

0.60

98.3

431.05

51.3
3.7
41.1

344.00
25.00
276.00

3.3

22.00

0.0

0.00

99.4

667.00

CONCRETE BLOCK
Phylum Arthropoda
Order Trichoptera
Order Ephemeroptera
Order Diptera
Phylum Annelida
Order Plesiopora
Phylum Platyhelminthes
Order Tricladida
TOTAL
MILLER SAMPLER
Phylum Arthropoda
Order Trichoptera
Order Ephemereptera
Order Diptera
Phylum Annelida
Order Plesiopora
Phyl'um Platyhelminthes
Order Tricladida
TOTAL

Percentage

Average
Number/
Sampler

23.2
6.1
58.8

843.40
224.20
2,145.60

11. 1

406.20

0.1

4.00

99.3

3,623.40

32.1
3.8
57.0

198.51
23.26
352.50

0.8

4.88

5.6

34.88

99.3

614.03

22.4
0.7
59.0

83.38
2.77
219.88

1.2

4.63

15.7

58.63

99.0

369.29

*Number of organisms per dm 3
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